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Abstract
Background: Disability retirement is an economic, public health and work life issue causing costs for employees,
workplaces and society. Adopting physical activity at middle-age has been associated with reduced risk of sickness
absence and mortality. The aim of this study was to examine how changes over time in leisure time physical
activity are associated with subsequent disability retirement among midlife employees.
Methods: The Helsinki Health Study cohort baseline (phase 1) mail questionnaire survey data were collected in
2000, 2001 and 2002 among 40–60-year-old employees of the City of Helsinki, Finland. A phase 2 survey was
conducted in 2007 (N = 3943). Respondents were classified into three groups: 1. low-active (<14 MET-hours/week),
2. moderately active (> = 14 MET-hours/week in moderate-intensity physical activity) and 3. vigorously active (> = 14
MET-hours/week including vigorous physical activity) at both phases. This yielded nine groups for describing stability
and change of leisure time physical activity. Disability retirement data were derived from the registry of the Finnish
Centre for Pensions until the end of 2013. A Cox regression analysis was used to calculate hazard ratios (HR) and their
95 % confidence intervals (CI) adjusting for covariates.
Results: During the follow-up, 264 (6.7 %) participants retired due to disability. Compared with those who were
persistently low-active, those who increased their physical activity from low to vigorous had a lower risk of
subsequent disability retirement (HR = 0.38, 95 % CI = 0.15–0.97) when adjusting for age, gender, occupational
social class, strenuousness of work, smoking and binge drinking. Similarly, compared with those who were
persistently moderately active, those increasing from moderate to vigorous (HR = 0.50, 95 % CI = 0.28–0.86) had
a reduced risk. In contrast, those decreasing their physical activity from vigorous to low (HR = 2.42, 95 % CI = 1.
32–4.41) or moderate (HR = 1.70, 95 % CI = 1.03–2.82) had an increased risk, compared with those who were
persistently vigorously active. Adjusting for BMI, limiting longstanding illness and prior sickness absence
somewhat attenuated the associations.
Conclusions: Adopting vigorous physical activity was associated with a reduced risk of disability retirement.
Promoting vigorous physical activity among midlife employees may help prevent disability retirement.
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Background
Early retirement due to disability is a major economic,
public health and work life problem in many Western
countries, causing costs for employees, workplaces and
society [1]. Previous studies have shown that healthy
behaviours including a sufficient amount of leisure time
physical activity are associated with a lower risk of dis-
ability retirement [2, 3]. Our earlier study suggested that
especially vigorous physical activity is associated with a
reduced risk of disability retirement [4]. Previous studies
on various health outcomes such as metabolic syndrome
[5], sickness absence [6] and mortality [7–9], also sug-
gest that vigorous activity may provide additional health
benefits over those provided by physical activity of mod-
erate intensity.
Adopting physical activity during midlife contributes to
a reduced risk of major chronic diseases [10] and mortal-
ity [11], as well as to a better health-related quality of life
later on [12]. Furthermore, our previous studies have
shown a reduced risk of sickness absence among those
adopting vigorous physical activity during midlife [13].
The reduced risk concerns especially sickness absence due
to musculoskeletal causes [14]. A prior study examined
changes in health behaviours, including physical activity,
between two surveys 25 years apart among Swedish twins,
but the associations with disability retirement were only
weak [15]. Permanent work disability usually takes several
years to develop and those with health problems may also
face limitations with engaging in physical activity, espe-
cially vigorous activity. In order to establish causal associa-
tions between physical activity and disability retirement,
the previous health status needs to be considered. In
addition to health measures, we also included key covari-
ates in the analyses that are known risk factors for disabil-
ity retirement such as smoking and alcohol use [15],
strenuousness of work and socioeconomic position [16] as
well as body mass index [15], which may also be unequally
distributed between physical activity groups [17, 18].
We aimed to examine how changes in leisure time
physical activity are associated with the risk of subse-
quent disability retirement. Based on previous studies,
we expected that adopting or increasing physical activity
is associated with a reduced risk and decreasing physical
activity with an increased risk of disability retirement. In
addition, we expected that the associations are stronger
regarding changes in vigorous activity.
Methods
Study population
The Helsinki Health Study cohort phase 1 surveys were
collected in 2000, 2001 and 2002. The mail questionnaires
were sent to employees of the City of Helsinki, Finland,
who reached the ages of 40, 45, 50, 55 and 60 years during
each survey year [19]. The sample consisted of 13,346
persons. The response rate at baseline was 67 % (n = 8960).
The phase 2 survey data were collected in 2007 from the
respondents who participated in the baseline survey, with a
response rate of 83 % (n = 7332). Of the respondents, 80 %
were women, corresponding to the target population and
the Finnish municipal sector in general. Identical questions
on leisure time physical activity and covariates were
applied in both surveys. The questionnaire survey data
were individually linked to the registry of the Finnish
Centre for Pensions until the end of 2013 using unique
personal identification numbers. Of the phase 2 respon-
dents, 76 % (N = 5575) gave written consent for the link-
age. We excluded those who retired (n = 1347) or were
otherwise unemployed (n = 155) before the phase 2 survey.
In addition, we excluded respondents who reached the age
of 63 by the phase 2 survey (n = 27) because at that age,
disability retirement is no longer granted in Finland. There
was missing information on some study variables (n = 103)
and 3943 respondents were available for the present
analyses. According to non-response analyses, the data
satisfactorily represent the target population and attrition,
as well as declining the register linkage, are unlikely to
cause major bias to the analyses [19, 20].
Leisure time physical activity
Weekly hours of leisure time physical activity (com-
muting included) within the previous 12 months were
assessed. Four intensity grades were given and each
intensity grade was exemplified with typical activities
that people usually engage in: walking, brisk walking,
jogging, and running, or their equivalent activities.
First, the participants were instructed to estimate the
intensity of their physical activities. Then, they were
instructed to estimate their average weekly hours of
physical activity in each intensity grade ranging from
zero to more than 4 h per week. Based on their
responses, leisure time physical activity was converted
to an approximate metabolic equivalent (MET) index.
MET-hours per week for leisure time physical activity
were calculated by multiplying the time spent by the
estimated MET value of each intensity grade [21] and
summing up the four values [22]. Based on a classifi-
cation used in our previous study [13], the respon-
dents were classified into three groups in both
surveys: 1. low-active (under 14 MET-hours/week), 2.
moderately active (at least 14 MET-hours/week in
moderate-intensity physical activity only such as walk-
ing/brisk walking) and 3. vigorously active (at least 14
MET-hours/week, including vigorous physical activity
such as jogging/running). This yielded nine groups,
describing transitions from one leisure time physical
activity group to another. For example, 15 MET-hours
corresponds to 2,5 h of brisk walking, which is rec-
ommended for health benefits [23].
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Disability retirement
The Finnish disability retirement scheme includes all
granted (permanent, temporary and partial) disability
pensions that require a medically confirmed illness or
disease that essentially reduces working capacity or pre-
vents working in the person’s occupation [24]. For de-
scriptive purposes, we distinguish the two main medical
causes for disability retirement according to the ICD-10
classification: musculoskeletal (ICD codes M00-M99)
and mental (F00-F99) causes. The follow-up started on
the day the phase 2 questionnaire was returned and con-
tinued until the end of the year 2013 or on the date of
other form of retirement, death or the age of 63 years
(after which, disability pensions are no longer applicable
in Finland). The mean follow-up time was 6.0 years.
Covariates
Covariates included age, gender, and occupational social
class, physical and mental strenuousness of work, smok-
ing, binge drinking, body mass index (BMI), limiting
longstanding illness (LLI) and prior sickness absence.
Age was categorised into five groups by phase 1 age 40,
45, 50, 55 and 60. Occupational social class in phase 2
was classified into managers and professionals (e.g.
administrators, teachers and doctors), semi-professionals
(e.g. nurses and foremen), routine non-manual em-
ployees (e.g. clericals and other non-professionals), and
manual workers (e.g. bus drivers and cleaners) [19]. The
respondents were asked how strenuous their work is
physically and mentally, with four response alternatives:
‘very light’, ‘fairly light’, ‘fairly heavy’, and ‘very heavy’.
Based on these responses physical and mental strenu-
ousness of work were dichotomised as strenuous and
non-strenuous in phase 2. Smoking was categorised
based on daily smoking in phase 1 and phase 2, which
yielded four groups describing changes and persistency
in smoking. A similar procedure was conducted for
binge drinking (≥6 doses at least once a week), being
over-weight (BMI ≥ 25 kg/m2) and LLI. The participants
were also asked whether they have a longstanding
illness, and if so, whether the illness restricts working or
other daily tasks. The participants who reported that
they have a longstanding illness that restricts their daily
tasks were categorised as those with LLI, and the others
were considered as being without LLI. Prior sickness
absence was derived from the registries of the Social
Insurance Institution of Finland. Sickness absence over
10 working days during the 12 months prior to the
phase 2 survey was examined [14].
Statistical methods
A Cox regression analysis was used to calculate hazard
ratios (HR) and their 95 % confidence intervals (95 %
CI) for subsequent disability retirement. Persistently low,
persistently moderate and persistently vigorous physical
activity were used as reference groups to which we com-
pared the changes across these groups. Men and women
were pooled for the analyses. In model 1, the HR was
adjusted for age and gender. In model 2, additional
adjustments were made for occupational social class,
strenuousness of work and changes in smoking and
binge drinking. Model 2 was further adjusted for BMI
(model 3), limiting longstanding illness (model 4), and
prior sickness absence (model 5). Model 2 is considered
the main model, adjusted for purely confounding factors,
and additional adjustments are made in separate models
for covariates that may also mediate the examined asso-
ciations. The proportional hazards assumption was
confirmed using Schoenfeld residuals [25]. The IBM
SPSS 23.0 statistical package was used for the analyses.
Results
Those who were less physically active tended to be older
and from lower SEP groups compared to the vigorously
active (Table 1). Physically strenuous work was less com-
mon among the persistently vigorously active, whereas,
mentally strenuous work was more common among the
persistently low-active. Smoking, binge drinking and
overweight as well as LLI and prior sickness absence
tended to be more common among the less active.
There were 264 disability retirement events during the
follow-up (Table 2). The proportion of disability retire-
ments during the follow-up varied between the physical
activity change groups. Those that were persistently low-
active had the highest proportion (10.0 %) of disability
retirement events whereas those who increased from
low-active to vigorously active (3.2 %) clearly had a
lower proportion of events. In addition, those who
increased from the moderately to vigorously active
group (4.0 %) and those who were persistently vigorously
active (3.5 %) had a similar lower proportion of events.
Those increasing from low to moderate (6.8 %), persist-
ently moderately active (8.6 %) or decreasing vigorous to
moderate (7.2 %) had only a somewhat lower proportion
of disability retirement events during the follow-up. In
contrast, those decreasing from vigorous to low (9.8 %)
or from moderate to low (9.2 %) were similar to those in
the persistently low-active group. Disability retirement
events due to main causes, i.e. musculoskeletal and men-
tal causes by changes in physical activity are presented
for descriptive purposes (Table 2); due to a low number
of events, we concentrated on disability retirement due
to any cause in the further analyses.
We calculated hazard ratios for disability retirement due
to any cause adjusting for covariates (Table 3). No statisti-
cally significant gender interaction was found (p = 0.8).
In model 2 adjusted for confounders, those increasing
from low-active to vigorously active (HR = 0.38, 95 %
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CI = 0.15–0.97) had a reduced risk of disability retirement
compared with those that were persistently low-active.
Similarly, those increasing from moderately active to
vigorously active (HR = 0.50, 95 % CI = 0.28–0.86) had a
reduced risk compared with those that were persistently
moderately active, whereas, those decreasing to low-active
activity showed no association. In contrast, compared with
the persistently vigorously active, those decreasing to low-
active (HR = 2.42, 95 % CI = 1.32–4.41) or moderately
active (HR = 1.70, 95 % CI = 1.03–2.82) had an increased
risk of disability retirement. Adjusting for BMI, prior sick-
ness absence and LLI attenuated the associations further
and in part, the found associations lost statistical
significance.
Discussion
In accordance with our expectations, adopting vigorous
activity was associated with a reduced risk of disability
Table 1 Description of study variables by physical activity change groups
Leisure time physical activity
Low at 2000-02 Moderate at 2000-02 Vigorous at 2000-02
All Low at
2007
Moderate
at 2007
Vigorous
at 2007
Low
at 2007
Moderate
at 2007
Vigorous
at 2007
Low
at 2007
Moderate
at 2007
Vigorous
at 2007
N 3947 370 336 158 294 915 371 164 400 935
Women (%) 81.0 78.4 82.1 75.3 83.3 89.5 87.3 73.2 84.3 70.8
Age (mean) 47.3 48.4 47.9 46.2 47.4 48.3 46.5 47.0 47.8 46.2
Occupational class (%)
Managers/professionals 32.9 30.8 28.9 40.5 26.5 26.8 32.3 34.8 34.0 41.3
Semi-professionals 20.8 18.1 22.0 22.2 21.8 17.7 24.5 17.1 19.3 23.9
Routine non-manuals 34.4 34.9 36.9 29.7 33.0 43.6 33.7 37.8 36.3 24.6
Manual workers 11.8 16.2 12.2 7.6 18.7 11.9 9.4 10.4 10.5 10.3
Physically strenuous work (%) 29.7 29.7 30.7 26.6 32.7 35.8 31.5 26.8 31.8 21.8
Mentally strenuous work (%) 12.2 18.1 13.1 12.7 12.6 10.2 10.8 14.0 12.8 11.6
Changes in smoking (%)
Non-smokers 75.2 65.9 68.5 79.7 63.3 74.6 80.3 72.6 74.0 83.6
Quit smoking 6.3 6.2 10.4 8.2 8.2 5.6 7.3 7.3 6.8 3.7
Became smokers 1.8 2.7 1.5 1.3 2.0 1.2 2.7 2.4 1.5 1.8
Smokers 16.8 25.1 19.6 10.8 26.5 18.6 9.7 17.7 17.8 10.8
Binge drinking (%)
Rarely or no binge drinkinga 69.4 65.4 67.0 70.3 63.3 72.1 75.7 61.6 68.0 70.4
Decreased binge drinking 6.3 6.5 8.3 3.8 5.4 5.7 5.9 9.8 7.8 5.7
Increased binge drinking 7.5 6.5 8.3 5.7 9.5 7.0 6.2 10.4 6.3 8.1
Binge drinking 16.9 21.6 16.4 20.3 21.8 15.2 12.1 18.3 18.0 15.8
BMI (%)
Normal weightb 44.7 27.0 33.6 44.9 32.3 37.2 57.4 36.6 49.5 61.1
Became normal weight 3.7 4.6 4.5 6.3 2.4 3.8 4.9 3.7 1.3 3.4
Became overweight 11.2 10.0 11.9 8.9 13.9 11.8 7.8 17.1 13.8 9.5
Overweight 40.5 58.4 50.0 39.9 51.4 47.2 29.9 42.7 35.5 26.0
LLI (%)c
No LLI 70.9 58.4 72.6 72.2 66.3 64.8 74.1 73.8 72.0 80.2
Recovered 5.4 3.9 3.2 3.1 4.8 5.4 1.2 3.0 2.9 3.9
Developed LLI 16.1 20.5 13.1 14.6 20.4 18.9 13.2 17.1 19.8 11.1
Persistent LLI 9.1 15.7 10.4 10.1 10.2 11.5 7.3 7.9 5.3 5.8
Prior sickness absence (mean)d 0.21 0.25 0.18 0.16 0.32 0.26 0.14 0.22 0.20 0.16
a≥ 6 portions of alcohol more than once a month
b< 25 kg/m2
cLimiting longstanding illness
dAny sickness absences (> 10 working days)
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retirement over a follow-up of 6 years. Decreasing physical
activity from vigorous to low or to moderate activity
showed, in contrast, an increased risk of disability retire-
ment. Adjusting for covariates, including limiting long-
standing illness and prior sickness absence, somewhat
attenuated the associations. However, the associations
mainly remained, suggesting that in particular, vigorous
physical activity may protect against disability retirement.
Our study provides further evidence on the benefits of
leisure time physical activity on maintaining work ability
and preventing disability retirement. The majority of previ-
ous studies have shown that leisure time physical activity is
associated with a reduced risk of disability retirement [2–4],
whereas some studies have shown weak or no associations
[15, 26]. A previous study on changes in physical activity
and mortality suggested that the reduced risk of all-cause
mortality following increasing physical activity during mid-
life may take a decade to manifest [11]. However, according
to our study some health benefits of adopting physical
activity during midlife may manifest during a shorter
period. These health benefits are, however, different since
typical diagnostic causes of premature exit from work and
mortality are, to a large extent, dissimilar. Disability retire-
ment is mainly due to musculoskeletal and mental causes
[24], while premature mortality in midlife and early old age
is mostly due to cancer and cardiovascular diseases [27].
Musculoskeletal diseases and mental disorders are the
main diagnostic causes of disability retirement and account
for two thirds of all disability retirements in Finland [24].
Among midlife employees, musculoskeletal causes account
for the majority of disability retirements, whereas among
younger employees, mental disorders are the most com-
mon cause. Physical activity showed associations with both
of the main diagnostic causes, but due to a relatively low
number of events, the main analyses could not be stratified.
In previous studies, the associations between physical ac-
tivity with these main diagnostic causes of disability retire-
ment have been largely similar [3, 4]. Physical inactivity has
been associated with many musculoskeletal diseases, such
as neck and low back disorders and arthrosis [28], but also
with mental disorders such as depression and anxiety
[29] that likely reduce work ability and may lead to
disability retirement. In addition, physical activity has
many other health benefits such as reduced risk of
Table 3 Risk of subsequent disability retirement (2007–2013) by changes in physical activity. Hazard ratios and their 95 %
confidence intervals
Leisure time physical activity
Low at 2000-02 Moderate at 2000-02 Vigorous at 2000-02
Low
at 2007
Moderate
at 2007
Vigorous
at 2007
Low
at 2007
Moderate
at 2007
Vigorous
at 2007
Low
at 2007
Moderate
at 2007
Vigorous
at 2007
Events n = 264 37 23 5 27 79 15 16 29 33
Model 1 ref. 0.65
(0.39–1.10)
0.31
(0.12–0.79)
1.11
(0.72–1.72)
ref. 0.47
(0.27–0.82)
2.78
(1.53–5.05)
1.95
(1.18–3.21)
ref.
Model 2 ref. 0.70
(0.41–1.17)
0.38
(0.15–0.97)
1.05
(0.68–1.63)
ref. 0.50
(0.28–0.86)
2.42
(1.32–4.41)
1.70
(1.03–2.82)
ref.
Model 3 ref. 0.72
(0.42–1.21)
0.40
(0.16–1.03)
1.03
(0.66–1.59)
ref. 0.53
(0.30–0.92)
2.25
(1.23–4.13)
1.64
(0.99–2.81)
ref.
Model 4 ref. 0.85
(0.51–1.44)
0.44
(0.17–1.11)
1.07
(0.69–1.66)
ref. 0.60
(0.34–1.04)
2.02
(1.10–3.68)
1.61
(0.97–2.66)
ref.
Model 5 ref. 0.83
(0.49–1.40)
0.40
(0.16–1.02)
0.96
(0.62–1.50)
ref. 0.55
(0.32–0.96)
2.56
(1.40–4.68)
1.75
(1.06–2.89)
ref.
Model 1 age and gender adjusted
Model 2 age, gender, occupational social class, strenuousness of work, smoking and binge drinking adjusted
Model 3 age, gender, occupational social class, strenuousness of work, smoking, binge drinking and BMI adjusted
Model 4 age, gender, occupational social class, strenuousness of work, smoking, binge drinking and LLI adjusted
Model 5 age, gender, occupational social class, strenuousness of work, smoking, binge drinking and prior sickness absence adjusted
Table 2 Disability retirement events (%) by physical activity change groups
Leisure time physical activity
Low at 2000-02 Moderate at 2000-02 Vigorous at 2000-02
All Low
at 2007
Moderate
at 2007
Vigorous
at 2007
Low
at 2007
Moderate
at 2007
Vigorous
at 2007
Low
at 2007
Moderate
at 2007
Vigorous
at 2007
Disability retirement events (%) 264 (6.7) 37 (10.0) 23 (6.8) 5 (3.2) 27 (9.2) 79 (8.6) 15 (4.0) 16 (9.8) 29 (7.2) 33 (3.5)
Musculoskeletal causes events (%) 111 (2.8) 16 (4.3) 9 (2.7) 1 (0.6) 12 (4.1) 38 (4.2) 5 (1.3) 6 (3.7) 11 (2.8) 13 (1.4)
Mental causes events (%) 71 (1.8) 10 (2.7) 7 (2.1) 1 (0.6) 7 (2.4) 16 (1.7) 7 (1.9) 6 (3.7) 6 (1.5) 11 (1.2)
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cardiovascular disease [30], and may also contribute to
the reduced risk of all-cause disability retirement found
among the vigorously active.
In our previous studies, adopting vigorous physical
activity was also associated with other work-related
health outcomes such as a lower risk of sickness ab-
sence [13, 14]. In our present study, adopting moderate
and vigorous physical activity showed a dose-response as-
sociation with the risk of disability retirement; however,
the association did not reach statistical significance for
those adopting moderately intensive physical activity. Fur-
thermore, those decreasing physical activity from vigorous
to moderate had an increased risk of disability retirement
compared with the persistently vigorously active. However,
decreasing the amount and intensity of physical activity
may be related to health problems and although we ad-
justed for LLI and sickness absence, there may be some
underlying health problems affecting physical activity and
subsequently leading to disability retirement. Although
moderately intensive activity did not markedly contribute
to the risk of disability retirement, moderately intensive
activity may provide some health benefits, as other studies
have, for instance, demonstrated that adopting moderately
intensive physical activity is beneficial for reducing the risk
of mortality [10, 31]. Furthermore, for mental health, vig-
orous physical activity may not provide any additional
benefits to lower intensity activity [14, 32]. In addition,
good cardiorespiratory fitness is a key component of good
functioning [33] and has been associated with a lower risk
of sickness absence [34, 35], as well as disability retirement
[36]. For mortality, fitness has shown stronger associations
compared to physical activity, but they may both have
independent beneficial effects on health [37].
Methodological considerations
We were able to examine whether changes in leisure time
physical activity over a follow-up of 6 years is associated
with the risk of disability retirement within a large sample
of middle-aged female and male municipal employees
from various occupations. Our data on disability retire-
ment were derived from reliable national registers. In
addition, we were able to consider various covariates,
including prior sickness absence, derived as well from
registers. Nonetheless, there is a possibility of reverse
causality since processes leading to disability retirement
usually take several years and granting disability pension
in Finland is typically preceded by a 12-months sickness
absence period. However, as noted, in the analyses, we
considered previous health status using self-reported
limiting longstanding illness, as well as register-based sick-
ness absence. Furthermore, the proportional hazards as-
sumption was met and there was no time dependence in
the examined associations. Although we included several
key confounders in the analyses, residual and unmeasured
confounding may still be possible, causing uncertainty
with the provided estimates. It should also be noted that
we adjusted for BMI, LLI and sickness absence in separate
models since they may also mediate the examined associa-
tions and are thus not purely confounding factors. In
addition, the relatively small number of events concerning
the group increasing from low to vigorous activity may
also cause uncertainty with the estimates. Information on
leisure time physical activity was self-reported and lacks
validation. However, self-reports have proven useful for
measuring leisure time physical activity in large surveys
and there is no single questionnaire that has proven su-
perior to another [38].
There are some characteristics in our data that limit
the generalizability of the results. The participants were
middle-aged municipal sector employees and 80 % of
them were women which reflects the gender distribution
of the employees of the City of Helsinki and the Finnish
municipal sector in general. We combined women and
men in the analyses and thus these results are female
dominated, although the associations did not differ
between the genders.
Conclusions
Our findings supported our expectations, suggesting
that adopting vigorous activity during midlife is associated
with a lower risk of disability retirement. In contrast, those
decreasing their activity level from vigorously active were
at an increased risk of disability retirement. Vigorous
physical activity should be promoted among midlife em-
ployees, as a sufficient amount and intensity of physical
activity may contribute to longer work careers by prevent-
ing disability retirement.
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